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ABS11tACT: A study to measure the heavy metal pollution level in the sediment of coastal and 
offshore area indicates that high concentration of heavy metals were found around Manora channel 
and eastern coast of Karachi. In comparison with coastal areas, relatively low concentration of 
heavy metals was recorded in the offshore area. The result shows that sewage and industrial wastes 
are the main source of heavy metal poUution in the coastal area. The concentration of heavy metals 
in the sediments is as follows: Chromium 10.4-33.69, nickell3.3-47.6, lead 10.0-39.04, cadmium 
0.08-0.21, zinc 7.4-73.2 and copper 9.44-18.56 mglkg. In the offshore areas strong correlation was 
observed between copper and organic carbon, and calcium carbonate and cadmium. In the shore 
area such correlation has been recorded among nickel, chromium, zinc, and chromium and copper. 
The Karachi. coast is viewed as moderately poUuted when compared to other continental coastal 
areas. 
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INTRODUCTION 
The primary objective of this study is to investigate heavy metal pollution in the 
coastal sediments on the Karachi coastal area (Fig.1). 
Karachi is located on the northern border of the Arabian Sea and its population is 
over ten million. It has been estimated that Karachi generates approximately 262 million 
gallons per day of domestic and industrial waste water which is discharged in two main 
rivers, viz. Lyari and Malir. Of thi~ approximately 30% is generated from municipal 
sources, while 70% is generated by industry. The sewage treatment plants located at 
Sindh Industrial Trading Estate (SITE) and Mahmoodabad on the Lyari and Malir rivers 
respectively, treat only 10% of total wastes (Haq, 1976). More than 2,500 industries are 
located in the S.I.T.E. area (Directory oflndustries, Govt. of Sindh, 1993) include paper, 
paint, chemical, tobacco, metal and metal manufacturing industries, fish processing 
industries, shipyards, power plants and textile industries. The heavy metals are one of the 
major pollutants from waste being discharged on the city on the Karachi coast via Lyari 
and Malir rivers. · 
The Karachi harbour receives a variety of chemical (Beg et al., 1975), such as 
calcium carbonate (115.74 metric tons/day), total dissolved solid (317 metric tons/day) 
and iron oxide (5.14 metric tons/day). An estimated three thousand ships visit Karachi 
harbour each year, and about five thousand mechanized boats make their fish landing at 
the Karachi fish landings located within the Karachi harbour area. 
To date, no work has been done on heavy metals in the Karachi coastal area but· 
some preliminary work was carried out by Ahmed (1977) who reviewed marine 
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Fig. 1. Map showing shore and offshore sampling sites. 
pollution and assessed the magnitude of coastal pollution in Pakistan. He pointed out mat 
depletion of the oyster beds in and around the Karachi harbour area can be attributed to · 
sewage and industrial pollution. Quraishee (1975) indicates that as a result of discharge 
of industrial pollutants in Karachi harbour shrimps and fishes once abundant near 
Manora and Hawkesbay have now migrated to the deeper waters. Saleem and Kazi 
(1995) describe the trace metal pollution level in Karachi harbour area and conclude that 
urban industrial discharge is mainly responsible for this high level of pollution. 
MATERIALS AND METHODS 
Heavy metal concentration in shore and offshore sediments of Karachi has been 
compiled. Samples were collected according to different zones (Fig.l). The zones were 
selected according to pollution levels and distance from the Karachi harbour area. Zone 1 
is considered highly polluted, Zone 2 less polluted and Zone 3 comparatively lowest 
polluted. area. Simultaneously offshore samples have also been divided into three zones 
based on pollution levels. Zone 1 is the northwestern coastal area, which has the lowest 
level of pollution, Zone 2 is the near harbour area and it is the most highly 'polluted area, 
and Zone 3 in southeastern coastal area is moderately polluted. 
Duplicate surface sediment samples were collected from ten stations along the 
Karachi coast (Fig.l) and nine stations from offshore areas. These samples were 
collected on April 17th 1996 with a Peterson grab. Sample material from the middle of 
the grab was selected for analysis. After collection samples were placed in polyethylene 
wide-necked bottles and kept in refrigerator 10±2°C until analysis. 
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Approx<imately one gram of dried sediment sample were taken and added to 3 ml 
concentrated nitric acid and 9 ml of hydrochloric acid (Aqua-regia) in a prewashed 
beaker. It was digested at room temperature. Samples were then evaporated almost to 
dryness (60"±5°C) on the hot plate under a clean air fume hood, and finally diluted up to 
25m! with 5% nitric acid as described in FAO manual (1975). Trace metals (Cu, Cr, Ni, 
Zn and Pb) in sediment samples were analyzed by flame atomic absorption 
spectrophotometer (FAA) using a Perkin elmer Model 3300. Cadmium samples were 
analyzed by a Graphite Furnace Atomic Absorption Spectrophotometer (HGA-600, 
Perkin Elmer). 
RESULTS 
Results of the tests of heavy metals in the shore and offshore area are listed in tables 
I and 2. 
Shore sediments 
Sediments of Zone 1 are fine to coarse sand and they contain an average 26% of 
calcium carbonate. Sediments of Zones 2 and 3 are fine sand with much of micaceous 
mineral but comparatively low calcium carbonate. (average concentration 10% ). Data of 
the organic carbon did not show any variation in the inshore sediment, and a highest 
value found was 0.54% in Zone 2. Heavy metal concentration in the shore sediment 
generally decreases from zone 2 to zone 3 to zone 1. 
Offshore sediments 
Textural characteristics of the offshore sediment show that Zone 1 is more silty than 
Zone 2 and 3. Organic carbon in the offshore sediment is almost constant, ranging from 
0.24 to 0.35%. Calcium carbonate ranges from 9 to 14% except at station number 6 
where its concentration is 24%. Highest average of heavy metal concentration is also 
recorded in Zone 2 where concentrations are 20.35, 35.21, 19.17, 0.14, 39.21 and 11.24 
mglkg for Cr, Ni, Pb, Cd, Zn and Cu respectively. 
DISCUSSION 
This investigation of average heavy metals shore of Karachi indicates that Zone 2 is 
more contaminated than Zones 1 and 3, because Zone 2 is adjacent to the harbour area 
contaminated with urban and industrial wastes. 
Tides and currents play an important role in movement of the waste water plume 
along the Karachi coast. During the southwest monsoon, water movement is clockwise 
and water spreads towards the southeastern coast of Karachi, during the northeast 
monsoon, water movement is anticlockwise but its speed is very weak, so that the water 
plume does not spread along the northwestern coast (Rizvi et al., 1995). Therefore, 
metal-rich water accumulates in sediment of Zone 2. The concentration of the heavy 
metals in shore sediment of Zone 2 gradually decreases as water moves farther and 
spreads towards Zone 3. 
Maximum concentrations of Cr, Ni, Zn and Cu are found at station 2 while Ni, Cd 
and Zn are abundant in Zone 1. This is probably a function of textural characteristics of 
sediments of these two stations i.e. clay-rich and more capable of absorbing metals. This 
74 Pakistan Journal of Marine Sciences, Vol.7(1), 1998. 
Table 1. ~race metal concentration in the shore surface sediment of Karachi coast 
(values in mglkg dry weight) 
Station Position Depth (ft) Trace metals 
Cr Ni Pb Cd Zn Cu *O.Crb.% CaC03% 
Zone 1 
I 245013N 
664653E 
244904N 
665041E 
244955N 
665355E 
244915N 
5.8 14.4 23.3 24.04 0.14 7.04 10.4 0.34 47.0 
II 8.3 25.5 37.6 17.91 0.15 45.8 20.04 0.35 27.0 
m 
IV 
v 
Average 
Zone2 
VI = 
vn 
Average 
Zone3 
vm 
IX 
X 
Average 
244737N 
670139S 
244704N 
670301S 
244623N 
670301E 
244516N 
670335E 
*O.Crb. #Organic carbon. 
9.6 18.18 36.66 17.71 0.10 29.05 8.78 0.45 
7.3 15.0 35.0 15.0 0.11 32.0 8.25 0.48 
7.9 23.69 37.91 21.5 0.08 49.25 15.63 0.25 
19.35 34.09 19.23 0.116 32.62 12.62 0.37 
6.4 19.23 38.46 21.25 0.18 48.68 18.56 0.36 
6.9 33.01 46.6 22.4 0.21 73.2 16.09 0.54 
26.10 42.53 21.77 0.205 60.94 17.32 0.45 
7.5 25.79 43.37 19.12 0.14 41.9 13.41 0.43 
6.4 26.54 46.46 10.61 0.11 59.5 13.49 0.31 
7.4 12.5 27.5 21.15 0.09 36.5 6.75 0.35 
21.6 38.44 16.96 0.113 49.30 11.22 0.36 
Textural characteristic of sediment 
St#l. Fine quartz mixed with rock pieces of coarse grain shell fragments. 
St#2. Poorly sorted sediment very fine silt and clay coarse grains, mostly shell fragments. 
St#3. Fine quartz grains including round grains with some micaceous minerals. 
St#4. Fine silt with some clay forming lumps with organic matter and fragments of shell. 
20.5 
19.5 
17.0 
26.2 
19.0 
12.0 
10.5 
10.0 
9.0 
8.5 
9.16 
St#5. Fine to very fine sand consisting of quartz grains, mica flakes, rock fragments that are almost 
angular and crystaline, rounded shell fragments. 
St#6. Fine sand quartz grain and mixed with shell fragments, micaceous minerals,in lower amount. 
St#7. Fine to very fine sand with many micaceous minerals flakes, some rock and shell fragments. 
St#8, Fine quartz and micaceous minerals and rock fragments,_ some grains consisting of organic 
matter. 
St#9. Fine sand consisting of quartz grain, rock and shell fragments; micaceous minerals in 
substantial quantity. 
St#1 0_. Fine quartz sand and much of micaceous mineral; good amount of lumpy clay minerals. 
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Table 2. Trace metal concentration in the surficial sediment off Karachi coast 
(values in mg/kg dry weight) 
Station Depth (ft.) 
Zone 1 
I 
II 
11.3 
13.8 
TRACE METAL 
Cr Ni Pb 
25.25 33.51 20.8 
13.26 22.25 14.0 
Cd 
0.11 
0.13 
Zn 
29.1 
24.0 
Cu 
12.31 
9.81 
*O.Crb. CaC03 
% % 
0.27 
0.33 
III 15.9 34.66 26.66 21.5 0.10 24.75 9.66 0.33 
9.0 
12.0 
12.0 
11.0 Average 19.72 27.47 16.67 0.113 25.95 10.59 0.31 
Zone2 
IV 21.2 
v 14.1 
VI 7.9 
Average 
Zone3 
VII 9.3 
VIII 13.6 
IX 16.2 
Average 
14.57 33.63 20.19 0.14 
22.8 34.09 17.91 0.19 
23.69 37.91 19.43 0.09 
20.35 35.21 19.17 0.14 
20.0 41.33 13.23 0.12 
20.31 33.56 23.85 0.10 
39.45 9.71 
41.97 11.38 
49.25 12.63 
39.21 11.24 
43.1 14.17 
56.5 11.87 
19.82 31.03 15.17 0.13 34.78 9.44 
19.71 31.97 14.01 0.116 31.46 11.82 
*O.Crb. #Organic carbon. 
Textural characteristic of sediment 
0.31 
0.24 
0.35 
0.30 
0.29 
0.33 
0.17 
0.263 
12.0 
12.0 
24.0 
16.0 
14.0 
13.0 
11.5 
12.83 
St#l. Fine quartz plenty of micaceous minerals in good amount and aggregates day minerals. 
St#2. Fine quartz sand, micaceous minerals and rock fragments. 
St#3. Unsorted sediment ranges from clayey silt to fine sand forming lumps with silt and some 
organic matter, shell fragments rare. 
St#4. Fine quartz clayey sand with shell fragments and micaceous minerals some amount of silt 
forming aggregates. 
St#5. Fine quartz clayey sand with shell fragments; rock fragments micaceous minerals in fairly 
good quantity. 
St#6. Fine quartz sand with plenty of micaceous minerals, rock and shell fragments in medium to 
coarse grain size. 
St#7. Fine to medium quartz sand with silt, micaceous minerals and rock fragments i.n minor 
amount, shell pieces also present 
St#8. Fine rock fragments and quartz sand with silt and micaceous minerals. 
St#9. Fine rock fragments and quartz sand with silt and micaceous minerals. 
76 Pakistan Journal of Marine Sciences, Vol.7(1), 1998. 
Table 3. Correlation matrix of the Karachi inshore sediment. 
*O.Crb. Caco3 Cr Ni Pb Cd Zn Cu 
O.Crb 1 
CaCo3 -0.165 1 
Cr 0.200 0.374 1 
Ni 0.275 -0.644 0.866 1 
Pb 0.135 0.388 -0.133 -0.456 1 
Cd 0.477 0.109 0.529 0.356 0.361 1 
Zn 0.185 -0.746 0.040 0.892 0.220 0.391 1 
Cu -0.23 0.307 0.491 0.268 0.367 0.623 0.285 1 
*O.Crb. #Organic carbolfl. 
Table 4. Correlation matrix of the Karachi offshore sediment 
*O.Crb. CaC03 Cr Ni Pb Cd Zn Cu 
O.Crb 1 
CaCo3 0.212 1 
Cr 0.442 0.106 1 
Ni 0.129 0.444 0.180 1 
Pb 0.417 -0.085 0.331 0.224 1 
Cd 0.052 0.793 -0.249 0.265 0.088 1 
Zn 0.219 -0.441 -0.337 0.478 -0.226 0.189 1 
Cu 0.823 0.379 0.407 0.518 0.284 O.HO 0.347 1 
*O.Crb. #Organic carbolfl. 
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Table 5. Comparison between metal concentration in contaminated sediment of 
Karachi coast and other contaminated areas relative classification of 
contamination: ( +) natural to sight contamination; ( ++) moderate 
contamination;(+++) heavy contamination (mglkg dry weight) 
Areas Classification Cr Zn Ni Cu Cd Pb 
Karachi shore 
(present study) 
++ 22.35 47.62 38.35 13.72 0.144 17.62 
Karachi offshore 
(present study) 
+ 
Kuwait coast ++ 
Basham (1993) 
Saudi coast + 
Basham (1993) 
Karachi Harbour ++ 
Saleem (1995) 
Swansea Bay ++ 
Vivian (1980) 
Pagassitikoss Gulf ++ 
Chester (1981) 
Barcelona Shelf +++ 
Albert & Diaz (H>94) 
Spencer Gulf +++ 
Ward & Young (1980) 
Montevideo Coast 
Miguel (1993) 
+ 
Derwent Estuary +++ 
Bloon & Ayling (1977) 
NO = not detected. 
20.59 32.31 31.55 11.21 0.123 16.6 
175 24.5 26.9 9.4 ND ND 
11.1 11.7 18.1 9.2 ND ND 
112.9 107.9 43.3 70.8 0.2 30.8 
ND 218 32 24.5 3.6 92.0 
26 21 38 9.5 ND ND 
30-400 ND 30-50 30-300 0.4-10 50-1500 
ND 11-16667 ND 3-122 0.5-267 2.5-270 
8.16 25.4 ND 17.69 0.1 24.79 
0.5-258 50-10400 ND 5-10100 1-862 1-15000 
is also concluded by Basham et al. (1993) who conducted a study on the Kuwait city 
coastal area and found similar results. 
An arbitrary classification indicates slight to high contaminations (Table 5). In this 
table, values of heavy metals found in shore and offshore areas of the Karachi coast were 
compared with those in other world areas. This comparison shows, for example, that the 
Karachi coast area is less contaminated with heavy metals along the Saudi (Basham et 
al., 1993) and the Montivedio (Miguel et al., 1993) coasts. On the other hand, areas like 
from the Spencer Gulf of Australia, Swansea Bay and the Barcelona continental shelf are 
heavily contaminated, in large part because of longer-term industrial development in 
these areas. 
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CONCLUSION 
The Karachi coastal area, and especially the area adjacent to Karachi harbour, is 
moderately polluted by heavy metals and concentrations gradually decrease towards the 
southeast coast, while the northwest coast of Karachi is relatively less polluted. Tidal 
fluctuation and strong currents effectively disperse urban and industrial wastes which 
enter in the Karachi coastal area through the Lyari River. If the practice of disposing 
untreated wastes in the coastal area via harbour continues, the accumulation of metals in 
the sediments may extend to the southeast coast (e.g. Clifton Beach). This will 
negatively affect the value of beaches in this area which are now used by large 
populations of this region. 
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